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A. Title: Application for Permit for Scientific Purposes under the Endangered

Species Act (ESA) of 1973 as amended.

B. Species: Pacific Sea Turtle Populations of:

Loggerhead, Caretta caretta

Olive ridley, Lepidochelys olivacea

Leatherback, Dermochelys coriacea

Green turtle / Black turtle, Chelonia mydas

C. Date of Permit Application: April 27, 2001

D. Applicant Identity:

Dr. R. Michael Laurs

Director, Honolulu Laboratory

Southwest Fisheries Science Center

National Marine Fisheries Service

2570 Dole Street

Honolulu, HI 96822-2396

Email: mike.laurs@noaa.gov

(808) 983-5303

(808) 983-2901   Fax
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E. Information on Personnel, Cooperators, and Sponsors:

Principal Investigators:

Dr. R. Michael Laurs

Director, Honolulu Laboratory

Southwest Fisheries Science Center

National Marine Fisheries Service

2570 Dole Street

Honolulu, HI 96822-2396

Email: mike.laurs@noaa.gov

(808) 983-5303

(808) 983-2901   Fax

George H. Balazs

Zoologist, Marine Turtle Research

Southwest Fisheries Science Center

Honolulu Laboratory

2570 Dole Street

Honolulu, HI 96822-2396

Email: gbalazs@honlab.nmfs.hawaii.edu

(808) 983-5733
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(808) 983-2902    Fax

Principal Field Supervisor - Daniel Curran

Fishery Biologist, JIMAR

Southwest Fisheries Science Center

Honolulu Laboratory

2570 Dole Street

Honolulu, HI 96822-2396

Email: Daniel.Curran@noaa.gov

(808) 983-5382

(808) 983-2902    Fax

The field personnel for this research activity will be fishery biologists, biological

technicians, fishery observers, vessel operators and crew of Hawaii-based longline

fishing vessels.  The principal investigator and principal field supervisor will recruit

fishery technicians to supervise experiments conducted on contracted fishing

vessels.  The names of these individuals are pending and will be supplied when

available, prior to implementing the experiments.  Fishery observers working for the

National Marine Fisheries Service (NMFS) Pacific Islands Area Office (PIAO) may

also supervise experiments.  Their names and letters indicating their authority to

supervise fieldwork will be supplied prior to implementing the experiments.  No

experiments will be conducted by vessel operators without supervision by a NMFS
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employee or contracted fishery biologist, biological  technician, or fishery observer. 

Vessel operators will be chosen through an interview process conducted by NMFS

that will focus on aptitude, adherence to rules, understanding of technical

requirements, and motivation.  Vessel operators under consideration will

participate in a workshop covering the fishing technology and contract requirements

of the experiments and will be tested on their comprehension to ensure

understanding of the experiment, the terms and conditions of their contracts, and the

role of their field supervisor.  The name of each vessel operator and a copy of the

contract requiring compliance with all permit conditions will be provided prior to that

vessel initiating activities under the permit.  Field supervisors working for NMFS

(fishery biologists, biological technicians, or fishery observers trained in turtle

handling procedures) will oversee all turtle takes by each fishing vessel and

terminate participation by any vessel operator or crew member who does not

adhere to research protocols and turtle handling procedures.

Tissue sampling, disposition of samples, and turtle tagging will be covered under

separate permits held by NMFS Honolulu Laboratory  and NMFS Southwest

Region.  Transport and holding of deeply hooked hard shelled turtles will be the

responsibility of the PI (Balazs) and the project veterinarian (to be named) who will

provide a written certification of the criteria for transporting and maintaining the

animals prior to initiating the work. 
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F. Project Description, Purpose, and Significance:

This application is for a NMFS sea turtle scientific research permit to take sea

turtles while conducting experiments on methods for reducing sea turtle take by

longline fisheries, and to import living, deeply hooked sea turtles for treatment to

alleviate hooking damage and  to monitor the progression of ingested hooks.  The

need to develop fishing methods that reduced sea turtle bycatch is urgent because

the great majority of sea turtle takes result from foreign fisheries unaffected by new

restrictions on the domestic Hawaii-based longline fishery.  The goal is to develop

methods to reduce turtle take that retain viable fishing performance, so that foreign

fisheries in the region can be encouraged to adopt these fishing methods.

Choosing gear modifications for the fishing experiments

A variety of pelagic longline fishing gear and fishing operation modifications have

been suggested to reduce the take and mortality of sea turtles (Balazs and Pooley,

1994; Williams et al.1996; Hoey, 1998; Hoey and Moore, 1999; Kleiber and Boggs,

2000).  Ideas for fishery modifications to reduce turtle takes (Table 1) have come

from fishermen, from logical consideration of fishing mechanics and turtle behavior,

and from analysis of observer data on sea turtle takes.  The choices of initial take
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reduction measures for testing in the proposed experiments are based on these

Table 1.  List of fishing gear and operations that could reduce sea turtle bycatch mortality. 
Sources for the ideas are given with each measure (in parentheses, with source details listed at

the end of the table).  This list was the subject of review at the Technical Gear Workshop to

Reduce the Incidental Capture of Sea Turtles in the Atlantic Pelagic Longline Fishery, January 17-
18, 2001.  See also “1999"  (below,  = Kleiber and Boggs, 2000) for a similar list. 

Sea Turtle Protection Measure Prospects for Improved
Sea Turtle Survival

Expected Fishery
Impact

Fishery Harvesting Strategies

Avoid warm core eddies (Captain’s) Not Determined Not Determined

Avoid water temperatures greater

than 68 degrees F when possible

(Scoping, Captain’s)

Not Determined Not Determined

Coordinate rolling closures that will

close areas of high concern at

times there are many turtles

(Scoping)

Not Determined Not Determined

Delay setting until after 9 p.m.

(Captain’s)

Not Determined Not Determined

Inform fishermen on a real-time

basis about sea turtle migration

patterns and areas of possible

and/or current interactions (1994)

Not Determined Not Determined

Limit the number of sets each

vessel can make per month via

lottery (Scoping)

Not Determined Not Determined

Move if you catch a turtle (2000) Probability of catching a

turtle increases if one turtle

has already been caught

Depends on number

of vessels in the

area

No new entrants in the fishery

(1994)

Not Determined Not Determined

Reduce total fishing effort

(Scoping, 1999)

Very effective High impact -

(proportional to

reduction)
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Impact
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Season - area closures/restrictions

(1999)

Probably effective; issue of

fixed vs. adjustable space

or time boundaries

Depends on degree

of segregation

between turtles and

target species -

modeling and

tracking research

needed

Shorten soak time (1999) Unknown, but potentially

high

Tuna: high

Swordfish:

moderate?

Time of set and haul vs. daylight

(Scoping, 1999)

Some effectiveness, needs

research

Depends on

scenario, needs

research

Underwater set (2000) Unknown Unknown

Gear-Related Considerations

Deeper hooks (Scoping, 1999) Probably effective - needs

more research

Moderate -

depending on depth

of hook

Set main line slack with line setter

(Scoping)

Not Determined Not Determined

Branch lines longer than float lines

(2000, 1999, 1994)

Unknown, but makes

sense

Swordfish: low

Atlantic Tuna: Higher

Hawaii tuna:

impractical

Colored (blue) bait (2000, 1999) Unknown Possibly increase

swordfish catch

Corrodible hooks and/or crimps

(2000, 1999)

Unknown, but makes

sense

Low

Different color of floats (Scoping,

1999)

Unknown Unknown

Eliminate lightsticks (2000, 1999) Evidence to date not

promising - more analysis

of Atlantic data needed

Pacific: high impact

on swordfish, low of

tuna

Atlantic: unknown
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Examine different types of bait

(mackerel vs. squid) (Scoping,

1999)

Unknown, some Unknown - could be

low impact or even

an improvement

Guarded hooks (2000, 1999) Could be very effective Depends on degree

of depth segregation

between turtles and

target species

Move branch lines away from floats

(2000, Scoping)

Many turtles caught on

branch line adjacent to

float

Could reduce

number of hooks

fished per set

Use of odors as a deterrent  (1999,

1994)

Unknown (Probably Low) Unknown

Reduce number of hooks per set

(Scoping)

Not Determined Not Determined

Remove strobe lights (1999) Unknown High

Replace “J” hooks with circle hooks

(2000, 1999, Captain’s)

Could increase survival by

decreasing foul hooking

Effective in Canadian

fleet for catching

tuna and swordfish

Set four or more hooks between

floats and try longer gangions and

droppers  (Captain’s)

Not Determined Not Determined

Acoustic deterrent devices (1999,

1994)

Low Unknown

Use lead weights or swivels

(Scoping)

Not Determined Not Determined

Use an attractor on floating buoys

(Scoping)

Not Determined Not Determined

Sea Turtle Handling

Develop a rescue program to

recover turtles trapped in decaying

warm eddy cores (Scoping)

Not Determined Not Determined

Make guidelines outlined in Balazs

et al. 1995 into regulations (1999)

High - depending on

compliance

Low to moderate

(specified in Balazs

et al. 1995)
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Release methods (2000) High Low

Dehooking device to be carried and

used on pelagic longline vessels

(Scoping)

Not Determined Not Determined

Tool to cut line short (Scoping,

1999)

High - depending on

compliance

Low

General Research Needs

Develop and ground truth predictive models based on physical oceanography and sea

turtle biology, sea turtle distribution patterns by species and size class, in order to close

fishing areas where sea turtle densities are high  (1994)

Experiment both in lab and field with various gear/bait assemblies to reduce or eliminate

attractiveness to sea turtles (1994)

Implement tracking studies to determine fate of longline released sea turtles (1994)

Initiate gear research projects to develop release and de-hooking techniques (1994)

Research and education to avoid concentrations of sea turtles, such as they find on

warm water bends on the Grand Banks (Scoping, 1994)

Study gear: mono, color and size, buoys, high flyers, radio beacons, polypropylene rope,

crimps, snaps, leads, glow beads, plastic squids and skirts, rattlers, and other

ornaments (1994)

Abbreviations:

2000 - Working Group on Reducing Turtle Bycatch in the Hawaii Longline Fishery.  Report of 

First Meeting.  Los Angeles, September 12 - 13, 2000.

Scoping - Suggestions and Submission from Biological Opinion Scoping Workshops, July 31 - 

August 17, 2000.  (No assessment of prospects or impacts provided)

1999 - Workshop on Reducing Sea Turtle Takes in Longline Fisheries.  Miami, August 31 - 

September 1, 1999 ( = Kleiber, P. and C. Boggs. 2000. Workshop on reducing sea turtle takes in

longline fisheries. Southwest Fisheries Science Center Administrative Report H-00-09 16 p.)

Captain’s - Captain’s Report Multi-Species Catch Characteristics for the U.S. Atlantic Pelagic 
Longline Fishery.  Hoey and Moore.  August 1999.  (No assessment of prospects or impacts

provided)

1994 - Pelagic Longline Fishery - Sea Turtle Interactions.  Proceedings of an Industry, Academic 

and Government Experts, and Stakeholders Workshop held in Silver Spring, Maryland, 24-25 May
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1994.  (No assessment of prospects or impacts provided)
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documents and on reviews by three expert working groups including scientists,

commercial fishermen, and conservationists (Anon. 2000, 2001a, 2001b).    

Some suggested take reduction methods show evidence of efficacy in reducing

turtle bycatch while retaining viability in catch rates for target species based on

fishery observer data, experimentation with captive turtles, or fishing experiments. 

The latter have the highest priority for fishing experiments.  For other methods

additional research and development or laboratory testing on captive turtles is

being undertaken first, as the efficacy of these methods seems too speculative to

incur turtle takes in fishing experiments without better justification.  Some methods

suggest promise for bycatch reduction but have unknown performance in catching

target species.  The target species viability of such fishing methods may be tested

in fishing experiments with minimal turtle takes because a relatively small number of

experimental fishing operations are required to demonstrate viable target species

CPUE.  More fishing operations and turtle takes are required to test bycatch

reduction than to test CPUE viability because turtles are taken very infrequently

compared to target species.

Two modifications to fishing practices which have been determined to have great

promise for reducing turtle takes while having only minor impacts (if any) on fishing

performance (target species CPUE) are the use of squid bait dyed blue with food

coloring  and the removal of branch lines attached to the main line closest  to the
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float line attachment points.  Blue-dyed squids have been shown to reduce the

bycatch of seabirds (Boggs 2000) and possibly increase the catch of swordfish.  In

field testing on seabirds, no turtles were taken on blue-dyed bait, although turtles

were captured in the same tests with regular bait (Kleiber and Boggs, 2000).  A

higher proportion of loggerhead and leatherback turtles are taken on the branch line

closest to floats than on other branch lines (Kleiber and Boggs, 2000).  A typical

distance between branch lines on a set of longline gear targeting swordfish is 37

fathoms but one branch lines is usually attached much closer to the floats than this. 

The take reduction technique would be to require that the nearest branch lines be at

least 40 fm from the nearest float line. These two techniques are proposed to be

applied together as a single experimental fishing treatment which will test the

efficacy of the combined method for reducing turtle bycatch in contrast to standard

(control) fishing operations.  This experiment will entail the highest turtle takes.  

Reducing the visibility of longline gear to sea turtles by using “stealth” longlines with 

major gear modifications (countershaded floats, dark lines, dulled hardware, down-

welling narrow-frequency lightsticks, and blue dyed bait) is proposed for testing 

viability in maintaining target species CPUE in both swordfish-style (shallow set,

nightime) and tuna-style (deep set, daytime) fishing operations in comparison with

standard swordfish- and tuna-style operations.  Similar testing of target species

CPUE is proposed for deep-set swordfish fishing.  This propsed method would

target swordfish deep where they descend during the day using swordfish-type bait
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and lightsticks in areas where near-surface nightime swordfish abundance is high. 

Every effort will be made to avoid taking any turtles in the stealth and deep

swordfish fishing tests for target species CPUE.  No takes are needed for initial

tests of these methods, which are intended to demonstrate viable CPUE, although

some loggerhead and a few leatherback, olive Ridley, and green turtle takes are

anticipated. 

Changes in the time and depth of setting, the soak duration, and the time of hauling 

longline gear could possibly reduce turtle bycatch but no reliable trends have been

documented that are not confounded with fishing style and fishing area (e.g. high

bycatch swordfish-style shallow-set night soaking longline at higher latitudes versus

low bycatch tuna-style day soaking longline at lower latitudes) .   Measuring trends

in the time and depth of turtle captures could reveal particular time intervals or

depths of longline operations to which turtles are most vulnerable, suggesting

modifications to fishing operations for future testing.  The use of hook timers in

conjunction with time-depth recorders (Boggs 1992) is proposed for this purpose.  

Substantial turtle takes will be required to successfully document trends in the time

or depth of capture.   Past work indicated practical methods for increasing gear

selectivity for tuna and decreasing gear selectivity for gamefish (Boggs 1992).

One method for reducing the severity of turtle injury from longline hooking is the use

of 16/0 circle hooks instead of the more typical J hooks used in swordfish-style
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longline operations.   Experiments comparing circle and J hooks in the Azores

(Bolton and Bjorndal 1999) and North Pacific (LaGrange 2001) indicate a much

lower frequency of deep hooking (defined as hook ingested past mouth cavity - in

esophagus or deeper) as opposed to hooking in the mouth.  Presumably, delayed

mortality of mouth hooked turtles is lower than that of deeply hooked turtles.  Circle

hooks (16/0) do not decrease the turtle take rate, but do reduce the target species

CPUE by 30-50%.  Both Bolton (personal communication)  and LaGrange

(personal communication) have suggested that larger (18/0) circle hooks could

increase the viability of target species CPUE.  Testing of large circle hooks is

proposed as a piggyback project during the hook timer measurements. 

Returning Deeply Hooked Turtles to Port for Rehabilitation and Monitoring

Most other measures suggested to reduce post release mortality of turtle bycatch

(Balazs and Pooley, 1994; Williams et al.1996; Kleiber and Boggs, 2000) have

already been implemented. The need for understanding more about the fate of

deeply hooked turtles has been made clear by expert working groups, and

recommendations have been made to return deeply hooked sea turtles to port for

determination of the degree of injury and progression of hooks through the digestive

tract (Balazs and Pooley 1994).  While permitting the development of treatments

and rehabilitations for hooked turtles this activity will also provide the opportunity to

better understand the mode of injury, and prognosis for recovery of deeply hooked



15

turtles.  

Benefits Compared to Impacts of the Take

The U.S. domestic Hawaii-based longline fishery is a small segment of the total

amount of longline fishing that occurs in the Pacific Ocean compared to the

international fleet (e.g., Japan, Korea, and Taiwan).  The applicants believe that an

Endangered Species Act Section 7 Consultation on this application will show that

fishing experiments are critical to developing gear technologies and fishing

strategies for reducing sea turtle capture rates throughout the Pacific Ocean.

Developing a gear technology or fishing strategy that is capable of significantly

reducing sea turtle capture rates by longline vessels is essential if the U.S. is going

to cultivate an open dialogue between the international community to formulate

collaborative efforts to address the incidental sea turtle interaction problem. 

Examples of such efforts to reduce international takes of protected species include

the adoption of dolphin-safe fishing methods in foreign tuna purse-seine fisheries,

the export of turtle excluder devices (TEDs) to foreign trawl fisheries, and the use of

trade sanctions to encourage foreign nations to adopt such methods.

The potential long-term benefits of developing a new fishing strategy or modifying

existing gear technologies to significantly reduce sea turtle interactions throughout

the Pacific Ocean could outweigh the harm to turtle population status due to

experimental takes over the short term because of the future savings that will occur
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when these strategies and measures are instituted internationally. Conducting

fishing experiments on sea turtle take reduction methods may ultimately increase

the likelihood of survival and recovery of the sea turtle populations by reducing

takes and mortalities in international longline fisheries and by increasing sea turtle

conservation awareness in the international community through the development of

sea turtle saving technologies.

Several protective measures are necessary in order to minimize the impact of the

experiments on sea turtle populations. All experiments will be supervised by NMFS

employees or contracted biologists, technicians, or fishery observers.  All measures

that have been implemented by regulations in the commercial fishery to reduce the

mortality of the bycatch will be used in the experiments.  A rigorous experimental

design will be followed in which the number of turtles taken by modified fishing gear

(treatment operations) are contrasted with turtle taken by normal fishing gear

(control operations).  The number of control operations will equal the number of

treatment operations, and control operations will follow a rigid standard that will not

vary among vessels or at the discretion of vessel operators.   In addition, takes of

sea turtles in the experiments will be reported to NMFS on a real-time basis using

the satellite vessel monitoring system.  If at any time NMFS determines that the take

levels for the experiment are being exceed or are likely to be exceeded in the

control and treatment fishing operations required by the experimental design, then

NMFS will cease the experiment.  
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The success of the experiment will be judged by the effectiveness of the gear

modifications in reducing bycatch, their viability in catching target species, and their

exportability and enforceability.  If the results indicate that a 50% or greater 

reduction in the level of sea turtle bycatch can be achieved while maintaining viable

catch rates for target species, then the export of this methodology could  reduce the

international sea turtle take rate by half. This level of reduction is far more valuable

than the reduction that would be achieved in the U.S. domestic longline alone since

the U.S. fleet represents a small portion of the international longline fleet.  Past

incidental take levels in the Hawaii-based domestic longline fishery were around

716 sea turtles annually prior to 2000.  New regulations will reduce this incidental

take to an estimated 110 sea turtles per year according to NMFS 2001 ESA

section 7 biological opinion (BO) on the fishery.  In contrast, the longline fishery of

Japan (one of the three important longline fishing nations, the others being Korea

and Taiwan) was estimated to have taken 21,200 sea turtles in the western Pacific

and South China Sea in 1978 (Nishimura and Nakahigashi, 1990).  If this foreign

fishery were induced to adopt a 50% effective turtle bycatch reducing gear

modification then incidental longline takes could be reduced by 10,600 turtles per

year; an amount equivalent to 96 years of estimated incidental take by the current

Hawaii-based domestic fishery.  Similarly, adoption of the bycatch reduction

method by 10% of the Japan fleet could save as many turtles in one year as the

Hawaii-based fishery is estimated to take over the next decade.   
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The combination of preferred experimental designs chosen in this application would

take a maximum of 121 turtles (88 loggerhead, 17 leatherback, 10 olive ridley, and

6 green) per year (Table 2) and utilize about 1,280 shallow-set longline operations

and 90 deep-set longline operations (60 deep-set tuna operations and 30 deep-set

swordfish operations).  These directed takes will be in addition to the incidental

take expected in the commercial fishery.  Based on the Japan longline turtle take

estimated by Nishimura and Nakahigashi (1990) the annual incidental take

estimated for the Hawaii-based fishery combined with the annual take in the

proposed experiments could be saved in 8 days if the Japan fishery could be

induced to adopt a 50% effective bycatch reduction method.  And if only 10% of the

Japan fishery adopted the method this number of turtles could be saved in three

months. 

Experimental Design 

Sets will serve as the experimental unit for testing any treatment that involves the

attractiveness of the longline to turtles or target species.  Alternating treatments with

controls along a single longline will not result in independence between control and

treatment if the control sections (e.g. highly visible undyed squid) attract turtles to

the adjacent treatment sections.  An exception to this design would be when testing

of different hook types which differ only in their mechanical effects after a turtle

interacts with the hook.  In that case treatment and control can be applied
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independently on the same set  without  pseudo-replication. 

A variety of experimental designs for each proposed experiment are reviewed in

this application and a set of preferred designs is chosen (Table 2).  Fishing vessel

operators will be contracted to use their fishing vessels to conduct the fishing

experiments under this permit under the direction of the field supervisors.  The catch

of target species will be sold to help defray the cost of the contracted fishing

operations.  The largest experiment in terms of turtle take and fishing operations will

be the testing of minor gear modifications with great promise of reducing turtle take,

and which are also known to have minor impacts on target species CPUE: blue bait

and removing branch lines near floats.  These minor gear modifications will be most

economical to test because with near normal CPUE the catch will defray a

significant part of the contract expense.  

The limiting condition of this experiment will be the need  to minimize the take of

endangered sea turtles while retaining the statistical power to detect a significant

effect of the bycatch reduction treatment.  Turtle takes are rare events in the fishery

and they have the statistical properties of a Poisson distribution, in which the

standard deviation is as large as the mean.  In such circumstances the statistical

power of a controlled experiment depends on the number of turtles taken in control

and treatment operations (attachment 1) and not on the number of fishing

operations (sets).  Therefore,  to increase the power of the experimental  tests it is
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best to use the fishing style with the greatest turtle take rate.
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Table 2.  Preferred experimental designs

                  Turtle takes per year                         All species    Sets                           

  
Experiment Years to complete Leatherback Loggerhead Olive Ridley   Green   takes/year    per year Vessel

s

Minor gear modification 
blue bait + move branch line 3 12 65 6 4 87 1039 9 *

"Stealth" and deep fishing 1 2 8 2 1 13 150 3 **

Hook timers to measure
capture time + depth 2 3 15 2 1 21 181 2 *

Alternative hook design

piggyback on hook timer test 1 0 0 0 0 0 0 0

Totals
17 88 10 6 121 1370 14

* Full-time fishing vessels
** Three vessels operating at the same time
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In the commercial fishery, shallow-set gear uses < 10 hooks between floats to reach

a maximum main line depth of < 100 m (typically 28 m).  The target species of this

gear configuration are swordfish or a mix of swordfish and tuna species, and this

configuration is now prohibited to commercial fishermen because it has a much

higher take rate of sea turtles than deep-set gear designed to target bigeye tuna. 

However, this type of fishing is the best for testing sea turtle take reduction

measures because it will have a higher take rate will provide more rapid statistical

confirmation of bycatch reduction by contrasting control and treatment operations.  

Control operations for comparison with gear modifications will strictly adhere to the

parameters given in Table 3 for experiments with swordfish-style, and tuna-style

fishing respectively.  The only experiment that is planned for both styles of fishing is

the testing of stealth fishing gear for the viability of target species CPUE.

A power analysis was conducted to scope out a variety of sample sizes required to

detect a bycatch method that has different degrees of effectiveness in comparison

with the control fishing method (attachment 1).  The first example given is for

leatherback turtles, arguably the species for which results are needed most badly

due to the presumed dire status of the population Table 4.  Take numbers required

to detect a 25% effective treatment are much higher than those required to detect a

50% effective treatment because of the lower signal-to-noise ratio when the

treatment is closer to the control method (Table 4).  The higher the type I (alpha,

attachment 1) and type II (beta, attachment 1) error
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Table 3.  Average of fishing gear parameters for the Hawaii-based longline fishery using two
styles of fishing: Swordfish-style fishing and tuna-style fishing.  Control fishing operations in most
of the experiments will strictly adhere to the parameters given below for swordfish-style fishing. 
The exception will be that for stealth gear tests in the tuna fishery, tuna-style parameters will be
used in control fishing operations.

Gear/Trip Type Swordfish Fishing Tuna Fishing

Area Fished North of Hawaiian Islands South of Hawaiian Islands

Main line Length 42 miles 34 miles

Shooter Used No Yes

Vessel Speed 7.8 knots 6.8

Lightsticks Used Yes No

Branch Line Length 17 meters 13 meters

Float Line Length 8 meters 22 meters

Number of Hooks 820 hooks 1,690 hooks

Number of Hooks per
Float

4 hooks 27 hooks

Number of Floats 189 floats 66 floats

Type of Hook J-shaped Tuna

Type of Bait Squid Saury

Target Depth 28 meters 167 meters

Gear Soaks Night Day

Soak Time 20 hours 19 hours
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rates that can be accepted , the lower the sample sizes required.   

Because the take of this endangered species is so controversial the take numbers

required to detect an effective bycatch reduction treatment have been spread out

over three years to keep the annual directed take rate low in comparison to the level

of incidental take allowed in the Hawaii-based fishery.  This can best  be

accomplished by accepting the highest level of type I and II error rates that the

investigators can accept, and by anticipating that the treatment will be at least 50%

effective in reducing take.  Thus the preferred design will take a total of 36 turtles

spread out over 3 years (Table 4).  If the treatment is 50% effective 12 of these

turtles will be caught by treatment fishing operations and 24 will be caught by 

control operations and the results will be statistically significant at the alpha = 0.10

level.  One third of the required take is 12 turtles per year, the number given in the

summary of designs (Table 2) Fractional numbers are raised to the nearest whole

integer in summarizing annual takes (Table 2), so these numbers are sometimes

one integer higher than the rounded turtle numbers given for individual experiments

(e.g. Table 4).  

Equal numbers of treatment and control operations (sets) will be conducted but the

total number of sets listed is just an estimate based on historical capture rates of

turtles by swordfish style fishing gear (Table 4).  Again, the statistical properties of

Poisson-distributed data are such that the number of sets is not critical to the test,
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and the experiment will be limited to the number of turtle takes
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Table 4.  Minor gear modification experiment: with significant leatherback findings in 3 years
Several techniques combined in one fishing style 
 (blue dyed squid bait, keeping branch lines 40 fathoms from float) *preferred experimental design

25% Effective Fishing Method (reduces turtle take by 25% compared with control sample)

Error Levels  Leatherback turtle takes          Sets needed                                Full time Concomitant takes per year (other)    All species
Alpha Beta Control Treat. Total  Per year Control Treat. Total Per year vessels Loggerhead Olive Ridley Green (total per year)

0.05 0.10 236 177 413 138 15325 15325 30649 10216 85 741 70 39 988

0.10 0.10 169 126 295 98 10946 10946 21892 7297 61 529 50 28 706
0.05 0.20 158 119 277 92 10278 10278 20557 6852 57 497 47 26 663

0.10 0.20 116 87 203 68 7532 7532 15065 5022 42 364 34 19 486

50% Effective Fishing Method (reduces turtle take by 50% compared with control sample)

Error Levels  Leatherback turtle takes          Sets needed                                Full time Concomitant takes per year (other)    All species
Alpha Beta Control Treat. Total   Per year Control Treat. Total Per year vessels Loggerhead Olive Ridley Green (total per year)

0.05 0.10 41 20 61 20 2641 2641 5281 1760 15 109 10 6 146
0.10 0.10 36 18 54 18 2338 2338 4675 1558 13 97 9 5 129
0.05 0.20 34 17 51 17 2208 2208 4416 1472 12 92 9 5 122

0.10 0.20 24 12 36 12 1558 1558 3117 1039 9 65 6 3 86 *

Sets per year per vessel Historical takes per year 

120 Leatherback Loggerhead Olive Ridley Green All species

Takes per set 112 418 146 40 716
(control rate, assume all take is reduced in treatment )

Leatherback 0.0154
Loggerhead 0.0829

Olive Ridley 0.0078
Green 0.0044
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required, not the number of sets estimated.  If more sets are needed to reach the

required number of observed turtle interactions, additional fishing operations will be

contracted.  The estimated total number of sets per year will be 1039, a third of the

3117 sets that may be required over three years (Table 4).  Spreading the take out

over time may be more cosmetic than of real benefit to the turtle population. 

Minimizing the number of experimental turtle takes per year delays the process of

acquiring the number of observations needed to reach some level of statistical

confidence in the efficacy of results.  There may be no benefit to the delay if turtle

populations are declining, because the relative population impact of a take

increases as the population declines.  

The estimated number of fishing operations required for finding a statistically

significant effect of a bycatch reduction measure that is 50% effective for

leatherback turtles will have a concomitant take of other turtle species, based on the

historical rate of interactions with those species by the type of fishing operations

that will be used in the experiment (Table 4).  It so happens that the requisite

number of operations for the preferred leatherback experimental design will

probably result in a take of loggerhead turtles (65 per year, Table 4) sufficient at an

alpha level of 0.05 and a beta level of 0.1  to find a significant effect of a 50%

effective bycatch reduction method in only 1 year (61 per year, Table 5).  Over three

years this take will reach 195 loggerhead turtles which is enough to find a significant

effect of a treatment that is only 30% effective at a lower, but acceptable error level.
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Since this design dovetails so well with the leatherback
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Table 5.  Minor gear modification experiment: with significant findigs for loggerheads in 1 year
Several techniques combined in one fishing style  
(blue dyed squid bait, keeping branch lines 40 fathoms from float) *Preferred experimental design

25% Effective Fishing Method (reduce turtle take by 25% compared with control sample)

Error Levels  Loggerhead turtle takes          Sets needed                 Full time Concomitant takes per year (other)    All species
Alpha Beta Control Treat. Total (annual) Control Treat. Total vessels Leatherback Olive Ridley Green (total per year)

0.05 0.10 236 177 413 2847 2847 5694 47 77 39 22 551
0.10 0.10 169 126 295 2033 2033 4067 34 55 28 16 393

0.05 0.20 158 119 277 1909 1909 3819 32 51 26 15 369
0.10 0.20 116 87 203 1399 1399 2799 23 38 19 11 271

50% Effective Fishing Method (reduce turtle take by 50% compared with control sample)

Error Levels  Loggerhead turtle takes          Sets needed                   Full time Concomitant takes per year (other)    All species
Alpha Beta Control Treat. Total (annual) Control Treat. Total vessels Leatherback Olive Ridley Green (total per year)

0.05 0.10 41 20 61 491 491 981 8 11 6 3 81 *

0.10 0.10 36 18 54 434 434 869 7 10 5 3 72
0.05 0.20 34 17 51 410 410 820 7 9 5 3 68

0.10 0.20 23 11 34 273 273 547 5 6 3 2 45

Sets per year per vessel Historical takes per year

120 Loggerhead Leatherback Olive. Ridley Green All species

Turtle takes per set 418 112 146 40 716

(control rate, assume all take is reduced in treatment )

Leatherback 0.0154
Loggerhead 0.0829
Olive Ridley 0.0078
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Green 0.0044

design it is incorporated the preferred design for leatherbacks (Table 2).

It has been suggested that rather than conducting control operations for comparison

with the treatment operations in these experiments, the historical take rates for this

type of fishing be utilized as the control baseline for comparison.  The problem with

that idea is that there is so much inter-annual variability that it would be difficult to

determine whether the change in an experiment were due to the treatment or an

oceanographic change.  Oceanographic features such as the number and intensity

of frontal structures and changes in ecosystem productivity from year to year would

make it impossible to know for certain whether a treatment were really effective

without a synoptic control.  A synoptic control might be combined with historical

control data in a Bayesian approach which would have some power to reduce th

sample size needed for the experiment especially if the oceanographic change

were intense.  But ironically, if the oceanographic change were small, the synoptic

control might need to be even larger to eliminate the hypothesis of an annual

change than it would need to be to detect the efficacy of the bycatch reduction

method.  

The possibility that historical data could lend statistical power to the experimental

design will be explored further as part of an evaluation of results from the first year. 

This evaluation will also include a risk assessment that will examine whether the
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accumulated results indicate a method that is much more or less effective than

anticipated.  A much more effective method might be detected by a smaller sample

size, allowing the experiment to be completed early.  A treatment that appeared

much less effective might be supplanted with a newly developed or discovered

technique.  Laboratory experiments with captive turtles are underway, as well as

field experiments (attachment 2) that may reveal  promising new techniques during

the coming year.  Similarly, If multi-variate analyses of the results indicated no

significant difference in the effectiveness of a take reduction method between

species, significant results could  be achieved sooner, with fewer turtle takes.  For

some techniques there may be no reason to expect differences between species. 

Any change in the design of the experiment would require an permit modification

request.

Experiments with major modifications to fishing gear such as stealth fishing gear

and deep daytime fishing for swordfish will have very low levels of take and so they

will be completed in a single year (Table 6).  None of the more limited design

options were preferred for these experiments because a better take reduction

method will need to be ready for bycatch reduction testing in the near future if the

minor gear modification experiments do not look promising after the first year.  The

stealth and deep day swordfish experiments will be conducted synoptically with

three vessels: one conducting control operations to demonstrate high near-surface

abundance of target species, another conducting stealth tests, and the third
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conducting deep daytime fishing for swordfish.  Thus there will  be some

economizing of the control operations to serve two purposes.  In testing
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Table 6.  Major Gear Modification Experiments *Preferred experimental design

"Stealth" and deep daytime gear tests to demonstrate viability for target species

Need at least 3 fishing trips (30 sets), with controls, for credible demonstration; Needed first year 

              Number of sets       Synoptic                     Takes per year             All spp

Fishery & test Control Stealth Deep day vessels Loggerhd Leathbk O.Ridley Green (per year)

Sword stealth 30 30 0 2 5 1 0 0 7

Sword stlth+deep 30 30 30 3 7 1 1 0 10
Tuna stealth 30 30 0 2 0 0 1 0 1

Both stealth 60 60 0 2 5 1 1 0 8
Both stlth+sword d 60 60 30 3 7 2 2 1 11 *

Hook timer experiments to detect trends in turtle capture time or depth

Need 30 observation on a species to see trends 
Required number based on fish results, Boggs 1992)

Hook type tests on target species viability will piggyback on hook timer experiment

Loggerhd    Sets Full time  Concomitant takes per yr  All spp
Years  to  results    per year per year vessels Leathbk O.Ridley Green (per year)

1.00 30 362 3 6 3 2 40
1.50 20 241 2 4 2 1 27

2.00 15 181 2 3 1 1 20 *
2.50 12 145 1 2 1 1 16

3.00 10 121 1 2 1 1 13

Sets per year per vessel

120

Turtle takes/trip
(asume control rate in all sets as worst case)

Swordf    Tuna  
Leatherback 0.0154 0.0055

Loggerhead 0.0829 0
Olive Ridley 0.0078 0.0153
Green 0.0044 0.0025
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the stealth gear with tuna style fishing there will be only two vessels, as both stealth

and control fishing operations will be conducted deep during the day.  

The only substantive take levels among the major gear modification experiments

are for the hook timer study (Table 6).  Research on fish (Boggs 1992) indicated

that at least 30 hook timer readings were needed to detect significant  trends in the

distribution of fish by hook depth and time.  To reduce the annual take the preferred

design will be stretched out over 2 years.

Estimated  potential mortality over the 3 years of the experiment is 6 greens,15

leatherbacks, 85 loggerheads, and 9 olive Ridley turtles. This mortality is calculated

by adding the 1) immediate mortality (multiplying annual estimated maximum take

(Table 7) by the immediate mortality rate for that species of sea turtle in the shallow-

set swordfish fishery, (or in the case of the tuna stealth experiment, the mortality rate

in the deep-set tuna fishery) and 2) delayed mortality (multiplying the remaining live

animals by the delayed mortality rate of 27 to 42 percent based on mortality rates of

deep and light hooking assumed in the BO.  This is very likely an overestimate of

the mortality, due to using the very conservative mortality assumption used in the

biological opinion.  The deeply hooked turtles that are returned to Honolulu for

observation and potential rehabilitation may have a reduced rate of delayed

mortality, which could reduce the number of mortalities below these estimates.
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Despite the estimated levels of mortality, the long-term benefits that will be

achieved for sea turtle conservation might be much greater than the short  term

impacts of the experiment. This benefit could  far outweigh the harm of the directed

take because of the future savings that could occur if successful bycatch reduction

measures are instituted internationally.  

G. Project Methodology:

It is requested that this permit cover at-sea activities of the NMFS, Southwest

Fisheries Science Center overseeing and working with long line captains and crew

members selected for a one year trial period, with potential annual renewal of up to

3 years (or longer up to 5 years, depending on the number of takes authorized per

year).  An evaluation of all results, including the results of a risk assessment to

determine the costs and benefits of altering the experimental design to

incorporated newly discovered or developed take reduction measures, will occur in

consultation with FPR at the end of the first year.  The issuance of this permit will

allow sea turtle research activities at sea, to better fulfill NMFS ESA responsibilities

to protect, conserve, and recover listed species of sea turtles, and better meet the

goals and objectives of the U.S. Pacific Sea Turtle Recovery Plans and the

requirements of present and future Section 7 Biological Opinions developed for this

fishery.

The methodology for transporting deeply hooked sea turtles and maintaining them

in Honolulu are described below in section I.
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Selected fishing vessel operators judged to be capable of conducting the fishing

operations for the proposed research will receive a one-day (8 hour) training course

at the NMFS Honolulu Laboratory on the experimental protocols and terms and

conditions of participating in the experiment.  At the end of the course they will be

tested on comprehension of the take reduction treatments as applied to their fishing

operations and also on the terms and conditions under which they will be allowed to

operate.  Testing may be conducted in languages other than English (e.g.

Vietnamese).  The training will emphasize the need to conduct all experimental

operations scrupulously.  If not done so, as noted by the field supervisor at sea,

continued participation of the vessel in fishing experiments will be terminated. 

Failure to adhere to protocols will be grounds for termination of the contract for

conducting fishing experiments under the permit.

Fishermen participating in the minor gear modification experiment  must agree to

follow these instructions for setting their gear.  NMFS field supervisors will oversee

the operations and record results, using the attached Experimental Turtle Bycatch

Reduction Trip Plan and Report form (attachment 3) to show that the pre-designed

plan for the order of sets on each trip was followed.  The two techniques (blue bait

and removed branch lines near floats) will be used together on every treatment

operation.  On about half of the sets (in a random pattern) no turtle take reduction

measures will be used (standard sets).  Other than these changes, the gear in the

treatment and control operations must resemble that of standard swordfish-style

fishing (Table 3) except that in keeping all branch lines 40 fathoms away from the

float line the branch lines will have to be spaced closer together (25 fathoms apart

instead of 37) to result in the same number of hooks being set per float and the

same length of main line as the control operation. 
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At standard setting speeds (8 knots) the proper distance of 40 fathoms between

the float line and branch lines in treatment operations can be estimated as 18

seconds of run time.   The setting speed is not a critical component of the

experimental design, as it can depend on weather and engine performance.  As

long as the timing is adjusted property to account for speed changes the same gear

configuration can be maintained.  For example at 6 knots = 40 fathoms is 24

seconds (and 7 knots = 21 seconds, 8 knots = 18 seconds, 9 knots = 16 seconds,

10 knots = 14 seconds).  Field supervisors will check the spacing between float

lines and branch lines during setting or during haulback.  Haulback is generally

conducted at slower speeds than setting.   At a hauling speed of 6 knots the

distance of 40 fathoms between a float line and the closest branch line can be

estimated as 24 seconds (5 knots = 29 seconds, 4 knots = 36 seconds, 3 knots =

48 seconds). 

The stealth gear experiments will utilize floats that are blue on the bottom and

orange on top for treatment sets and orange all over for control sets.  Dark grey

monofilament will be used for main line, float lines, and branch lines.  Battery

powered, narrow-frequency, yellow light emitting diode- (LED) based, down-welling

(shaded on the upper half)  light sticks will be used on stealth gear and regular

yellow chemical light sticks will be used on control gear.  The metallic shine of the

branch line and float line snaps will be removed or they will be painted for stealth

gear, and the bait will be dyed blue as described in Boggs (2000).  

Deep daytime fishing operations for swordfish will use a depth configuration

comparable to that of tuna gear, which will be modified based upon results

expected within the next few months from swordfish recently tagged with pop-up

satellite transmitting archival tags (PSATs).  These tags will report the typical
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daytime depth distribution of swordfish.  Target depth will be achieved using a main

line shooter and a much greater length of main line and greater number of hooks

between floats while maintaining the standard swordfish-style number of branch

lines per set.  Depth will be measured with time-depth recorders to assure target

depths are achieved.  

Hook timer experiments will be conducted using standard swordfish style gear fitted

with hook timers as described by Boggs (1992).  No controls are used, and the

comparison is between different times and depths within the combined fishing

operations.  The piggyback hook type experiment will utilize alternating J and 18/0

circle hooks on all hook timer operations.

H: Description and Estimates of Take:

The populations and species of turtles to be taken are listed in item B (above). The

maximum number of turtles by species expected to be taken under this  permit, and

the estimated mortality of these turtles is given in Table 7. Under 100% observer

coverage and with real-time reporting of results the experiments will be terminated

when these take limits are reached.   

Some of the turtles taken and released alive during those experiments may be

biopsied and tagged with flipper tags, passive induced transponder (PIT) tags,

radio transmitters, or pop-up satellite transmitting archival tags (PSATs), but only if

these activities are conducted by authorized personnel using techniques approved

for these activities by other permits.  This application requests that fishery biologist

and biological technicians contracted or employed by NMFS as field supervisors in

this experiment be authorized to handle, tag, biopsy and release sea turtles using
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techniques authorized by permits 1190 and 1296 after training as described in

those permits.   

The proposed annual take levels for the experiments are premised on the preferred

experimental designs summarized in Table 2, and decrease with the completion of

the stealth and deep fishing operations after year 1 and the completion of the hook

timer and hook type experiments after year 2.  However, additional takes may be

requested by application for permit modification in years 2 and 3 to accomplish

other testing or to make up for errors. These requested takes would only raise the

annual take back up to the annual number for the first year.

The annual estimated maximum incidental mortality (Table 7) is calculated by

adding the 1) immediate mortality (multiplying annual estimated maximum

incidental take by the immediate mortality rate for that species of sea turtle in the

swordfish fishery) and 2) delayed mortality (multiplying the remaining live animals by

the delayed mortality rate of 27 to 42 percent based on rates of deep and light

hooking for the species in the swordfish-style gear segment of the fishery). The

deeply hooked turtles that are returned to Honolulu for observation and potential

rehabilitation may have a reduced rate of delayed mortality, which could reduce the

number of mortalities below these estimates.  Dead turtles will be removed from the

marine environment for research purposes, including necropsy and collection of life

history data.  Tissue samples may be used for lab studies including the following:

toxicology, histopathology, and genetic studies to identify nesting origins of

incidentally taken turtles.
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Table 7. Estimated annual capture and mortality levels in the experiment to reduce

bycatch of sea turtles on longline fishing gear.

Species Annual Estimated Take Estimated  Mortality

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 

Green 6 5 4 2 2 2

Leatherback 17 15 12 6 5 4

Loggerhead 88 80 65 32 29 24

Olive Ridley 10 8 6 4 3 2

The location of the authorized take activities requested in this application will be the

Pacific Basin, including the high seas and area within the U. S. EEZ.  Dates of

taking or collection, importation and exportation will be dependent on the encounter

with turtles during the period of the experiments.  Quarterly reports of activities and

pertinent research results will be provided to the Office of Protected Resources. 

The size and sex of individuals by species taken will vary and cannot be predicted

since incidental captures are involved.  However, the sizes of all sea turtles so far

captured and measured by NMFS fishery observer program are shown in the

attached graphs (Balazs and Parker, NMFS unpublished data, attachment 4)

Loggerhead Turtle

The loggerhead turtle is listed as a Threatened species throughout its range.  In the

Pacific, threatened status is consistent with population levels and trends.  The

stocks found in U.S. jurisdiction most likely originate from Japanese nesting areas

and thus activities in Japan which impact nesting success or foraging turtles in

coastal waters are of concern.  The United States and Mexico (primarily Baja
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California South) support important developmental habitats for juvenile

loggerheads.  A primary threat to the species in the Pacific is from the incidental

mortalities associated with commercial fisheries, particularly long line and net

fisheries.  This threat must be minimized for recovery of this species.

Olive Ridley Turtle

The olive ridley turtle is listed as Threatened in the Pacific, except for the Mexican

nesting population, which is classified as Endangered.  This latter classification

was based on the extensive over-harvesting of olive ridleys in Mexico, which

caused a severe population decline.  Since the ban on the harvest of turtles in

Mexico, the primary threat to the Mexican nesting population has been reduced and

the population appears to be stabilizing.  Down listing to Threatened status may be

feasible.  The primary threats to the olive ridley  while in U.S. waters (or by U.S.-

based fishing fleets) appear to be incidental take in fisheries and boat collisions. 

Other primary threats are the harvest of turtles and eggs on Mexican and Central

American nesting beaches.

Leatherback Turtle

The leatherback turtle is listed as Endangered throughout its range.  In the Pacific,

leatherback populations are in severe decline and recovery actions must be given

the highest priority.  Primary threats to the species are incidental take in coastal

and high seas fisheries, and the killing of nesting females and collecting of eggs at

the nesting beaches.  The United States does not have any nesting of leatherbacks

in its jurisdiction in the Pacific, but has important foraging areas on the continental

U.S. west coast and near the Hawaiian Islands.  It is likely that stocks in U.S. waters
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originate in Mexico and Central America, though some may originate from

Southeast Asia as well.  While not directly classified as a threat, the lack of

information on the movement patterns and habitat needs of this entirely pelagic

species (leatherbacks are the only species which remains pelagic throughout its

life) is severely hampering recovery efforts and must be addressed as a high

priority.

Green Turtle

The green turtle is listed as Threatened under the Endangered Species Act (ESA)

throughout its Pacific Range, except for the Endangered population nesting on the

Pacific coast of Mexico which is covered under the Recovery Plan for the East

Pacific green turtle.  In reviewing this species’ current status, the Recovery Team

found that, outside of Hawaii, the green turtle populations have seriously declined

and should probably be classified as Endangered.  By far, the most serious threat

to these stocks is from direct take of turtles and eggs, both within U.S. jurisdiction

and on shared stocks that are killed when they migrate out of U.S. jurisdiction (e.g.,

nesting turtles from American Samoa migrate to Fiji and French Polynesia to feed). 

In Hawaii, green turtle populations appear to have a somewhat less dire status,

probably due to effective protection at the primary nesting areas of the Northwest

Hawaiian Islands and better enforcement of regulations prohibiting take of the

species.  However, the relatively recent increase in the incidence of tumorous

disease, fibropapillomatosis, in the Hawaiian green turtle threatens to eliminate

improvements in the status of the stock.  Another serious threat to green turtle

populations throughout the Pacific is associated with increasing human populations

and development.  In particular, human development is having an increasingly

serious impact on green nesting beaches.
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East Pacific Green Turtle (Black Turtle)

The East Pacific green turtle, known commonly as the black turtle,  is listed as

Endangered throughout its range.  This regionally important population of the green

turtle (Chelonia mydas although see Taxonomy), has exhibited an extreme decline

over the last 30 years.  This decline was undoubtedly caused by the massive over

harvest of wintering turtles in the Sea of Cortez between 1950 and 1970, and the

intense collections of eggs between 1960 and early 1980 on mainland beaches of

Mexico.  Primary threats to the species in U.S. waters are from entanglement in

debris and boat collisions.  Primary threats in Mexico are the (illegal) harvest of

turtles and eggs.

          I. Transportation and Holding:

Deeply hooked (defined as hook ingested past mouth cavity - in esophagus or

deeper) hard shelled turtles taken in the experiments will be transported back to

holding facilities for treatment and monitoring of hook progression.  Only hard

shelled sea turtles of less than 70 cm straight carapace length will be transported,

and only if they are captured within an estimated 72 hours return time to Honolulu. 

Based on the raw observer data for sea turtles caught by shallow set swordfish and

mixed target longline sets the percentage that is deeply hooked but alive, and

caught within 72 hours of Honolulu (at a vessel speed of 8 knots) is about 7% for

loggerhead turtles, 53% for olive ridley turtles, and 20% for green turtles.  The data

on all turtle takes that have been measured by observers indicates that about 82%

of loggerheads, 100% of olive ridleys, and 87% of greens are under 70 cm straight

carapace length (attachment 4).  These percentages and the estimated number of

turtles which may be taken in the experiments were used to estimate the number of
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turtles which might be transported to Honolulu (Table 8).  These estimate are likely

to be higher than the number actually transported as the vessel may not always be

prepared to depart immediately for Honolulu from the capture location.  However, if

more turtles of the appropriate size or condition for transport happen to be captured

they is no reason why they also should not also be returned to port, and the numbers

in table 8 are not intended to be a limit.  The upper limit will be the total annual take

shown in Table 7.

Table 8. Estimated annual number of deeply hooked but alive hard-shelled turtles less

than 70 cm straight carapace length captured during the experiments within 72 hours of

Honolulu that could be transported to Honolulu for treatment and monitoring of hook

progression.

Species Annual Estimated Turtles Transported

Year 1 Year 2 Year 3

Green 1 1 1

Loggerhead 5 5 4

Olive Ridley 5 4 3

1. Transportation of a Listed Species:

1.a. The NMFS Honolulu Laboratory has been transporting injured and diseased

turtles for many years as part of the Sea Turtle Stranding Network.  Transportation

from vessels  to the veterinary clinic on Oahu by motor vehicle will follow the same

procedure used in the Stranding Program to transport injured or diseased turtles on

Oahu.  Transportation at sea will be provided by captains of fishing vessels

participating in the research under the supervision of on-board fishery observers,

fishery biologists, or biological technicians. 



45

1.b. Turtles must be caught within an estimated 72 hours from the port of Honolulu

and will be brought to port within 8 hours of this estimated time or else they will be

released at sea.  The Protocol for Sea Turtle Stranding Response (attachment 5)

calls for turtle transportation 24 hours a day 7 days a week with a typical response

time of a few hours for remote Oahu locations during weekends and after hours. 

With the advantage of real time reporting from participating vessels and with a

veterinarian contracted specifically for this project it should take no more than an

hour to transport the turtles from the vessel to the veterinarian.  Depending on the

turtles condition and any necessary surgery or other treatment turtles will be kept at

the clinic for as long as necessary and then be moved again  to NMFS holding

facility at Kewalo Basin.  Turtles which appear to be rehabilitated will be released to

the wild (1.c, below) and some turtles may be euthanized when necessary in the

opinion of the attending veterinarian (Section 3, below)

1.c. Turtles which eliminate hooks or have had them removed by surgery or other

means developed by the veterinary work in this project, and which appear to be fully

recovered may be transported back to a vessel and taken to sea for release within

a 72 hour radius of Honolulu. 

1.d. Same as 1.a.

1.e. Turtles will be transported at sea and in Honolulu using Petmate Vari Kennels,

giant size (48" long  x 32" wide x 35" high) which will be supplied to each vessel

participating in the research.  These kennels are wide enough for the largest turtles

that will be transported (70 cm strait carapace length = 28") 

1.f. Captured deeply-hooked turtles that will be returned to Honolulu will be handled
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according to the guidelines developed in NMFS workshops (see Guidelines for

Handling Marine Turtles Hooked or Entangled in the Hawaii Long line Fishery,

Balazs et al., 1995).  These include specified procedures for how to haul the main

line, retrieve branch lines which catch turtles, assess turtle condition and hook

location, removing lines, resuscitation, and care of turtles on board the vessel.  The

procedures are those mandated for use by all Hawaii-based longline captains and

crew by Court Order and/or Biological Opinion, to dehook and disentangle, and

resuscitate turtles, as appropriate and possible.  In this study the field supervisor

(fishery observer, fishery biologist, or biological technician) will oversee or conduct

these procedures, and instead of returning a recovering deeply-hooked turtle to the

sea after 24 hours , instead the turtle will be retained on board, covered in a moist

cloth in the pet carrier in a shaded area for the 72 hour transit period to Honolulu.  

Treatment by the veterinarian in Honolulu will include all measures possible at a fully

equipped clinical facility including x-rays, surgery, anesthetics, antibiotics etc... as

deemed best by the project veterinarian (to be named).  The veterinarian

contracted for the project will have a minimum of 5 years experience in the first

hand assessment and treatment of injured and diseased sea turtles and will

operate from a clinic provided with complete veterinary instrumentation required to

treat injured and diseased sea turtles.    When a turtle’s condition has stabilized

and/or all treatments which may improve its chances for survival have been carried

out it will be moved to NMFS holding facility at Kewalo Basin.  If the turtle is to be

returned to the sea for release, the release procedure will again be as specified in

the “Guidelines for Handling Marine Turtles Hooked or Entangled in the Hawaii

Long line Fishery” (Balazs et al., 1995).

2. Holding of a Listed Species:
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2.a and 2.b.  Dimensions of pools used to hold sea turtles at NMFS Kewalo Facility

and water supply:

2 fiberglass tanks, 2 m diameter, 1 m deep, 20 gal/h, 2 turtles/tank maximum.

2 fiberglass tanks, 2 m diameter, 1.5 m deep, 20 gal/h, 2 turtles/tank  maximum

3 fiberglass tanks, 7 m diameter 2 m deep, 200-300 gal/h, 10 turtles/tank

maximum

Turtles will be less than 70 cm straight carapace length, of both sexes, and unknown

age.  Within these broad categories, the size and species of individuals held at any

given time will vary and cannot be predicted since incidental captures are involved. 

The maximum number of turtles per tank listed above is based on assuming a 70

cm carapace length, whereas a larger number of smaller turtles could be kept. 

Assuming 70 cm carapace length the capacity of the 7 tanks is 38 turtles. The total

number and mix of species may be as estimated in Table 2, with a maximum of 11

turtles in the first year, but it would be extremely unlikely that such numbers of turtles

would need to be held at one time.  Delayed mortality of the deeply hooked turtles is

assumed in the BO to be 42% so it would be unlikely that even the total annual

numbers estimated to be transported (8 to 11 turtles, Table 8) would ever need to

be maintained at one time. 

2b. Water quality.  Water supply is from a filtered sea water well, no temperature

control is needed since ambient temperature is maintained at 25 plus/minus 1 C. 

Oxygen levels are irrelevant as turtles are air breathers.
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2c. Frozen squid (Loligo), and or herring (Clupea) packed for human consumption,

is maintained frozen until day of use, then thawed and fed to turtles once a day add

libitum (Protocol for care and feeding of Kewalo turtles, attachment 6).  Depending

on appetite and size feeding turtles are fed 1-15 squid or fish weighing ca.100 g

apiece per day.

2.d. Sanitation practices include regular tank cleaning and quarantine of diseased

turtles (Protocol for care and feeding of Kewalo turtles, attachment 6).  Green sea

turtles affected by fibropapilloma tumors are held in separate tanks, fed and cared

for after non-tumored turtles have been fed and cared for, and are cleaned with

separate brushes.  Tanks and brushes used with tumored turtles are disinfected

prior to use with non-tumored turtles.

3. Emergency contingencies 

Euthanasia will be used when necessary according to the procedure given under

University of Hawaii - Institutional Animal Care permits (attachment 7). 

NMFS Kewalo Facility has a second sea water well with its own pump as a backup

to the primary seawater supply.  The facility also has an automated alarm system

that notifies key personnel in case of fire or power failure.  Emergency power

generation and saltwater pumping equipment is available.  

          K. Previous or Concurrent Activities Involving Listed Species:

MMPA/ESA Permit No. 848-1335 issued in 1997 to take Hawaiian monk seals . 

The mortality of an adult male monk seal died in September 1999 while being
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restrained for epidemiological research sampling.  Full information on this mortality

is on file with the NMFS Office of Protected Resources.
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Certification by Applicant:

"I hereby certify that the foregoing information is complete, true and correct to the

best of my knowledge and belief. I understand that this information is submitted

under the Endangered Species Act of 1973 (16 U.S.C. 153 1-1543) and

regulations promulgated thereunder, and that any false statement may subject me

to the criminal penalties provided under the Endangered Species Act of 1973, as

amended."

Signature of Applicant:

________________________________________ April 27, 2001

Dr. R. Michael Laurs

Director, Honolulu Laboratory

Southwest Fisheries Science Center

National Marine Fisheries Service

2570 Dole Street

Honolulu, Hawaii 96822-2396

Email: mike.laurs@noaa.gov

(808) 983-5303

(808) 983-2901 Fax
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Attachment 1

Testing for a reduction in the rate of turtle takes

M. McCracken, March 2001

Objective: Test if a treatment reduces turtle takes versus a control.

Experiment: The experiment will continue until a fixed number of turtles are caught.  This kind of
experiment is frequently referred to as a sequential experiment.  Set is our experimental unit.
Approximately equal number of sets will be randomly assigned to the control group and treatment
group.

Assumptions:   We are assuming that turtle takes come from two populations, treatment group and
control group.  Within each group, we assume that turtle takes at the set level are independent
identically distributed Poisson variates.  Basically we are testing if the treatment group has a different
mean (average rate of take per set) than the control group.

Hypothesis.  We are proposing a one-sided composite test where the null hypothesis is that the
treatment reduces turtle take by 50% or more versus the alternative hypothesis that the treatment
reduces turtle takes by less than 50%.

Helpful definitions:
Pr (Type I error)=alpha=Pr(reject null hypothesis given the null hypothesis is true) 
Pr(Type II error)=beta=Pr(accept null hypothesis given the alternative hypothesis  is true)
Power=1-beta=Pr(reject the null hypothesis given the alternative hypothesis is true)

Advantages:
(1) Under the Poisson assumption, the test is an exact test versus relying on asymptotic distributions
and estimation of the standard errors of our two populations.   A transformation to normalize takes at
the set level is not an option in our case as takes are too rare.

(2) The test is the uniformly most powerful test.  A test is uniformly most powerful of size alpha if it has
size alpha and if among all tests of size less than or equal to alpha it has the largest power for all
alternative values specified in the alternative hypothesis.

Possible problems:

(1) Sets within the same trip may not be independent if the experiment is conducted over several trips. 
Hopefully with good planning, we can eliminate or reduce the variation between trips so that assuming
sets are independent is reasonable. Before doing the test above it is recommended that one addresses
the questions if sets are independent.    
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(2) Loggerhead takes in the observer data show some overdispersion (more variation than expected
under the Poisson assumption) at the set level.  This could be due to sets within the same trip being
dependent or the aggregation of turtles.  We would expect the overdispersion to be less than observed
in the observer data as we are controlling for some of the variation in the experiment. If takes are
overdispersed, a larger turtle take would be required to obtain the same size test (alpha) and beta
value.  The same test statistics could still be used if there is evidence of overdispersion but the test
would be an approximate test as we would need to approximate the size of the test.   We are not losing
ground here compared to using the asymptotic distribution of the standardization of takes because we
would still need to estimate the variance of takes and obtain a large enough sample size that the
asymptotic distribution is a good approximation. 
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The plots above show the power curve for a fixed alpha.  The plots assume a simple hypothesis test
where we are testing if the treatment group reduces takes by 25%, 50%, or 75% versus the alternative
hypothesis of no reduction.  The solid line is when alpha=.05, the dotted line is  alpha=.10, and the
broken line is alpha=.15.  The left end point of power curves are at 10 turtle takes.  



1

PROPOSAL TO CONDUCT EXPERIMENTS IN THE WESTERN ATLANTIC
NORTHEAST DISTANT WATERS (GRAND BANKS) AREA TO EVALUATE

SEA TURTLE MITIGATION MEASURES

Background

Possible management measures addressing the incidental take and mortalities of

endangered and threatened sea turtle species by U.S. pelagic longline fisheries include

research to design, develop, and evaluate gear and/or tactical measures capable of

significantly reducing the interaction between sea turtles and longline fishing gear. In

relation to international pelagic longline fisheries the U.S. fishery represents a relatively

small impact on sea turtle populations and a major emphasis of the U.S. gear

development research effort will be to transfer successful technology and encourage the

use of practical measures to reduce sea turtle interactions by foreign fleets.

Pelagic longline fisheries that affect U.S. sea turtle populations occur in the

Eastern and Western Pacific Ocean, Western Atlantic Ocean, Azores, Caribbean, and

Gulf of Mexico. Fishery dependent research to develop and test sea turtle mitigation

measures is being conducted in the Western Pacific (Hawaii fishery) by the NMFS

Honolulu Laboratory (Boggs, 2000), the Azores (Bolten and Bjorndal, 2000), California

(La Grange, 2000), and is planned for the Western Atlantic (Watson, 2001), and Mexico

(Boggs per.comm.).  Fishery independent research using captive reared turtles, research

vessels, and/or contract commercial vessels is also being planned (Watson, 2001).   These

various research efforts are being coordinated and cooperative research planned to
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provide collective expertise and collaboration in order to solve this complex problem.

Although there are differences in environmental conditions, gear, and fishing tactics used

among the different fisheries, there are common factors that can be evaluated and success

in any area will lead to evaluation in other areas with some solutions effective across

differences.

Several industry/academia/government workshops have been held to address

possible gear and or fishing tactic modifications with potential to reduce sea turtle

interactions with pelagic longline gear (Williams et al, 1994; Kleiber and Boggs, 1999;

Anon., 2000; Anon., 2001). Pelagic longline observer data have been analyzed to

examine gear, environmental, and operating practices associated with sea turtle longline

interactions (Kleiber, 1998; McCracken, 2000; Cramer and Adams, 2000; Hoey, 1998,

1999, 2000).  The information from these reports is the basis for current and planned

research to develop and evaluate potential mitigation measures.  A major component of

this research is to conduct cooperative experiments with commercial pelagic longline

vessels in the Pacific and Atlantic fisheries.  This document outlines a research plan for

the Grand Banks area in the Western Atlantic.

METHODOLOGY

Research will involve experiments using commercial vessels to evaluate the

potential of candidate mitigation measures under actual fishing conditions and will be

designed to estimate the reduction in turtle interactions and injury and impact on target

species. This research will be conducted in coordination with concurrent research in other

fisheries and with fishery independent studies in order to systematically investigate
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effectiveness of candidate measures and utilize available resources in the most effective

manner.  To achieve this goal, potential mitigation measures from reports cited above

have been evaluated as to their potential effectiveness based on available knowledge and

placed into a matrix outlining the initial methods of evaluation (table 1).   The matrix lists

possible mitigation measures for initial evaluations with commercial vessels and

measures that require fishery independent research to determine potential or to develop

more precise methodology before testing in commercial fishing operations. The matrix is

designed to best utilize resources to achieve effective results. As research results become

available mitigation measures will be moved within the matrix as the results indicate.

For example, if fishery independent research demonstrates a potentially highly effective

measure it will be moved into fishery dependant evaluation and if measures appear

ineffective in fishery dependent studies they may be moved to fishery independent

studies or dropped from the research matrix.  New measures will be added to the matrix

as they are developed. A pelagic longline gear-working group consisting of gear

researchers, fishery managers and fishers will be established to make decisions regarding

the priority and method of evaluations.

The estimated potential effectiveness of the mitigation measures proposed for

research based on current knowledge is given in table 2. Methods proposed for testing in

the Western Atlantic Grand Banks fishery are those for which potential effectiveness has

been indicated by observer data and which require evaluation in terms of turtle take

reduction and affect on target species catch rates in commercial fishing operations. Other

methods are proposed to be initially investigated using captive reared turtles in field
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experiments and wild turtles using research and contract vessels. Some methods are also

proposed for testing in other commercial fisheries.  Possible priorities for the Grand

Banks fishery are testing the effectiveness of a variety of methods including: 1) use of dip

nets, line cutters, and de-hookers to remove longline gear from turtles, 2) moving away

from sites where turtle interactions occur, 3) altering the arrangement of branch lines, 4)

use of blue dyed bait, 5) collecting data on hooking times and depths for turtles and

swordfish, 6) a sea surface temperature (SST) limit,

The experimental design will be to develop a null hypothesis for each experiment

and test the treatment against a control by alternating sets or alternating treatment and

control within a set depending on the nature of the method being tested. The limiting

factors that will determine how many treatments can be tested in a given year is the total

effort (number of vessels, number of trips, number of sets per trip, number of hooks per

set) and the number of hooks required to provide statistically significant estimates of

turtle take reduction rates.

 In order to provide an estimate of the effort required and the estimated turtle

takes per treatment, observer data collected by the NEFSC and SEFSC for the northeast

distant area (NED) from 1991- 1999 were analyzed to estimate the sea turtle CPUE. The

total number of turtles taken by longline gear on observed sets between 1991 and 1999

was 376; the number of hooks fished on observed sets was 303,089. The number of

loggerhead turtles taken on observed sets was 249, and the number of leatherbacks was

117. CPUE values were 0.00124 for total turtles, 0.00082 for loggerhead turtles and
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0.00038 for leatherbacks. For the most recent year available (1999), the total number of

turtles taken on observed sets was 76, loggerhead turtles 44, and leatherback turtles 32 for

32237 hooks fished. CPUE values were 0.00235 for total turtles, 0.00136 for

loggerheads, and 0.00099 for leatherbacks.  The sample size computations, controlling

for Type I and Type II errors at pre-specified levels, to detect a reduction of 25% and

50% in CPUE due to treatment effectiveness were performed using the arcsine square

root transformation.  These computations were done using the 1991 to 1999 series data

and 1999 data only.  The burden of proof is placed on the treatment being tested and

hence the null hypothesis states that the control capture proportion is less than or equal to

the corresponding treatment proportion.   Estimated sample sizes for various levels of

precision for type I and type II error (alpha and beta) are presented in table 3 assuming

the treatment is 25% effective and in table 4 assuming the treatment is 50% effective.

Using the 1991-1999 time series data, assuming the treatment is 25% effective, and

choosing an alpha level of 0.10 and beta of 0.30, sample sizes of 73,241 hooks for all

turtles, 110,485 hooks for loggerheads and 235,290 hooks for leatherbacks would be

required (table 3). Assuming the treatment is 50% effective 15,311 hooks for all turtles,

23,132 hooks for loggerheads, and 49,232 hooks for leatherbacks would be required

(table 4).  These projected sample sizes assume that the CPUE in 2001 will be similar to

the average CPUE from the observed rates from 1991 to 1999.

Another approach would be to assume that the turtle CPUEs for 2001 would be

similar to the most recent year for which data is available (1999). The turtle CPUEs for

1999 are roughly double the CPUEs for the 1991 to 1999 time period. If we use the

CPUEs for 1999 to estimate sample sizes the required, choose an alpha level of 0.10 and
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beta level of 0.30, and assume the treatment is 25% effective sample sizes would be

37,776 hooks for all turtles, 64,815 hooks for loggerhead turtles, and 90,773 for

leatherback turtles (table 3).  Assuming the treatment is 50% effective 7,906 hooks for all

turtles, 13,564 hooks for loggerheads, and 18,995 hooks for leatherbacks would be

required (table 4).

The number of turtles impacted by the experiments can be calculated by

multiplying the sample size required (number of hooks) times the turtle CPUE from the

observer data. If, for example, we choose to test removing hooks adjacent to floats as the

treatment to be tested, and assume the reduction rates for all turtles to be 50%, using the

CPUE for the 1991 to 1999 time series the estimated sample size will be 15,311 hooks

for the control and treatment for a total of 30,622 hooks. With a turtle CPUE of 0.0012

the maximum expected number of turtle takes would be 37. If the treatment were 50%

effective the number of turtles impacted would be 27.

For all experiments the affect on the directed take (swordfish) CPUE will be

calculated to determine the impact on the fishery of the turtle mitigation measure being

evaluated.

Fishing effort for 2001 was estimated based on logbook data and interviews with

the longline industry. During 2001, it is anticipated that between 8 and 10 vessels will

fish in the Grand Banks, making an average of 4 trips per vessel. It is estimated that each

vessel will make between 14 and 20 sets per trip with an average of 806 hooks per set.
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Each vessel would be expected to set between 11,284 and 16,120 hooks per trip and

between 45,136 and 64,480 hooks per season. If 10 vessels fish the maximum number of

hooks the total effort would be 640,480 hooks. The number of treatments that could be

tested on the Grand Banks in 2001 will depend on the effectiveness of the treatment and

whether the treatment will be for total turtles, or loggerheads and leatherbacks, with

leatherbacks being the limiting factor.

PROPOSED TREATMENTS FOR GRAND BANKS EXPERIMENTS

Note: The proposed treatments in this document are based on analysis of longline
observer data and reports of analyses of that data (Hoey, 1998,200; Hoey and
Moore, 1999; Kleiber and Boggs, 2000).  This is a working document and has not
had direct input from the longline industry or fishery managers. This document
will be revised and refined at a gear working group meeting scheduled for April
19th in Miami FL.

Effectiveness of dip nets, line cutters, and de-hookers

The harvestings systems and engineering branch and fishers are developing line

cutters and de-hooks that will enable fishers to remove longline gear from turtles hooked

or entangled by longline gear.  In 2000 fishers were allowed to boat turtles using dip nets

provided by the SEFSC observer program and remove longline gear from turtles.  New

gear being developed will allow removal of gear in water for turtles to large to bring

aboard.  Turtle handling procedures will be developed using these tools and the

effectiveness of the procedures and tools evaluated by observers and vessels crews.

Observers will record detailed information about the turtle interaction including whether

the turtle was hooked and or entangled, where the turtle was hooked and/or entangled,

procedure used to remove gear and condition of turtle upon release. Some turtles may be
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fitted with pop-up satellite transmitting archival tags (PSTATs) to quantify survivorship

of marine turtles after release from encounters with longline gear and the effectiveness of

handling and gear removal techniques.

Hook Proximity to Floats

An important effect of hook configuration for swordfish longline gear is that both

loggerhead and leatherback turtles are caught with a significantly greater frequency on

hooks adjacent to the floats in the Hawaii-based fishery (Kleiber and Boggs 2000).

Hawaii and Atlantic (Beideman, pers. comm.) longline fishers fishing for swordfish

typically using 3-5 hooks per float place one branch line (hook) on the main line as close

as possible after attaching the float line, which makes that the shallowest hook position as

well as the position closest to the float.  A preliminary analysis of data on swordfish

caught in the Hawaii-based fishery by Pierre Kleiber (pers. comm.) indicates that the

distribution of hooks that caught swordfish was not much different from the distribution

of all hooks available to the swordfish. Hooks adjacent to floats did not appear to have a

higher swordfish catch rate compared to other hook positions.  Swordfish fishers add the

hook adjacent to the float because they believe that the action imparted to the hook by

wave motion makes the bait presentation more attractive to swordfish. Historical observer

data from the Atlantic does not include information on the position of hooks that caught

turtles.

The experimental design for hook configuration will test the removal of hooks

adjacent to floats (treatment) versus leaving such hooks in place (control). Participating



9

vessels will place hooks at least 20 - 30 fathoms (?) from float lines on treatment sets and

immediately adjacent to float lines on control sets. Control and treatment sets will be

alternated during a given trip. Gear configuration and fishing methods will be the same

between control and treatment sets except for placement of hook nearest floats.

Participating vessels will carry an NMFS approved observer on board to supervise

operations and record results.  Observers will collect a suite of data on forms generated

by the SEFSC Pelagic Longline Observer Program including the Longline Gear

Configuration Log, the Longline Haul Log, and the Individual Animal Log (Appendix I).

An additional data log will be generated to collect data specific for each experiment not

collected on the above referenced data logs. Hook positions will be numbered between

floats in sequence and turtle and target catch will be recorded by hook position relative to

float position. Depending on the effectiveness of moving hooks at least 20 – 30 (?)

fathoms from float lines a minimum of 4 trips and a maximum of 20 trips will be required

to collect sufficient data to determine reduction rates for loggerhead turtle interactions.

For leatherback turtles a minimum of 9 trips and a maximum of 42 trips will be required.

This experiment will require the cooperation of a minimum of two vessels for one season

and a maximum of 10 vessels for one season depending on the effectiveness of the

treatment. The expected number of turtles to be impacted during this experiment based on

the 1991-1999 observer data will be 29-168 loggerhead and 29-168 leatherback turtles

depending on the effectiveness of the treatment.  Participating captains, crews and

observers will follow NOAA guidelines and permit requirements for handing marine

turtles hooked or entangled on longline gear. Turtles hooked or entangled will be brought

aboard using dip nets if size permits and all gear removed following recommended
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procedures. For turtles than cannot be brought aboard gear will be removed using line

cutter and de-hooker prototypes being developed as part of the turtle mitigation research

project. Prototype line cutters and de-hookers will be evaluated by crews and observers

and information on performance provided to NMFS. All live turtles brought aboard will

be tagged with standard flipper tags and released. Turtles that are stressed will be

maintained onboard and given the opportunity to revive before release. Some turtles may

receive satellite tags to determine life history information and fate.

The estimates of catch rates per hook of control and treatment group will be

computed from the sample data. Using these estimates, a one-tailed hypothesis test will

be conducted to test if the true catch rate for the treatment group is lower than that of the

control group. Since the sample proportions are estimated from a large number of hooks,

a test based on asymptotic normality to compare the two binomial proportions will be

used here at a pre-specified level of significance. A confidence interval on the difference

in the true proportions will also be computed. The Fisher’s exact test and the likelihood

ratio test will be performed as well and examined.

Move Away From Interactions

Observed takes of sea turtles (all species combined) in the Atlantic Fishery show

clear evidence of aggregation, that is, the incidence of taking several turtles on one set

(3%) was six times higher than expected due to chance based on rates given by Hoey

(NMFS, Contract Report).  About 7% of sets interacted with a single turtle so the

expectation that two wouldn’t be caught together due to chance is only about 0.5% (0.07

x 0.07 = 0.0049).  Turtle aggregation appears to be even more pronounced in the Grand
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Banks portion of the fishery, where 5% of the sets observed accounted for over 50% of

the turtles taken. This result and the experience of many fishermen suggest that avoidance

of the areas of sea turtle aggregation could reduce turtle takes.    Moving fishing

operations away from an area where turtle interactions occur could be a highly effective

measure for reducing takes.

This approach was by commercial fishermen in various working groups (Los

Angeles, CA in August 2000, Washington, DC in January 2001).  The difficulty is in

specifying how to move.  An early suggestion by fishermen was to move 1 nautical mile,

but since the longline gear may extend for 60 nm and can drift an equivalent distance in

the course of one operation, such small move seems trivial.  It would seem prudent to

move as far as possible from the site of the interaction, and in regard to the temperature

relationships discussed above, towards the direction of cooler water.  However, when

swordfish catch rates are high fishermen will want to remain in the general vicinity.

Furthermore, fishing operations can often occupy as much as 20 hours per day, leaving

little time for transit before making the next set.  A top speed of 8 knots is common

among many small longline vessels and so a reasonable compromise that has been

accepted in concept by some commercial fishermen is to move 30 nm after an interaction

with a sea turtle.

The direction of a move away from the site of a turtle interaction could be

towards colder water if the temperature structure of the area were known, and especially

if real time information on turtle aggregations were collected and disseminated to the



12

fleet.  It has been suggested that the move be made in a direction at right angles to the

axis of the set in which the sea turtle take occurred, to prevent any portion of the set

overlapping the site of the previous set. This simple operational definition could serve as

the basis of the treatment to be tested, with fishermen using any knowledge they might

have about temperature structure or turtle distributions to improve the efficacy of the

measure, as it would be in their best interests to do so.

Important information on the best direction to move could be related to whether

or not they generally attempt to set across or along temperature gradients.  If they set

across temperature gradients then moving 30 nm away from the axis of the set could

place the set in a very similar orientation across the same temperature front.  Of course

that assumes the front tends to be a linear feature at the scale of longline operations.

However, as often as not, such features are part of meso-scale warm-core rings that spin

off the Gulf Stream and a perpendicular movement of 30 nm could have unpredictable

results.  Temperature and primary productivity features of the water masses, which have

some bearing on turtle aggregation, are monitored by some fishing vessels and could be

monitored by the scientists managing the experimental fishery to provide guidance on the

direction of vessel movement after a set. John Hoey (NMFS) has submitted a proposal for

funding to integrate satellite derived oceanographic data with fishery dependent longline

observations and this activity should be integrated into this experiment.  However making

the experiment dependent on such a real time information system could introduce serious

obstacles if the information system could not be operated reliably.  It might better be left

to the fishermen to decide where to move within the general constraint that the move be

at least 30 nm, again considering that it is in their best interests that the move should be



13

effective in reducing turtle takes while minimizing impacts to target species catch rates.

Satellite data will be used to predict areas of turtle concentration and to evaluate

effectiveness of moving away from turtle interactions relative to oceanographic features.

Participating vessels will carry an NMFS approved observer on board to supervise

operations and record results.  Observers will collect a suite of data on forms generated

by the SEFSC Pelagic Longline Observer Program including the Longline Gear

Configuration Log, the Longline Haul Log, and the Individual Animal Log (Appendix I).

An additional data log will be generated to collect data specific for each experiment not

collected on the above referenced data logs. For this experiment fishers will fish in their

normal mode of operation until a turtle is encountered. When a turtle is caught on the

longline gear the vessel will set in the same location as the previous set (control). When

the next turtle is caught on the longline gear the vessel will move a minimum of 30

nautical miles at right angle to the direction of the previous set from the area of the

previous set. The captain and observer will determine the best direction of movement

based on available information at the time.  The basis for the direction of movement will

be recorded for later analysis and movement position correlated with oceanographic

conditions and subsequent turtle captures. . Depending on the effectiveness of moving

away from turtle interactions a minimum of 4 trips and a maximum of 20 trips will be

required to collect sufficient data to determine reduction rates for loggerhead turtle

interactions. For leatherback turtles a minimum of 9 trips and a maximum of 42 trips will

be required. This experiment will require the cooperation of a minimum of two vessels

for one season and a maximum of 10 vessels for one season depending on the

effectiveness of the treatment. The expected number of turtles to be impacted during this
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experiment based on the 1991-1999 observer data will be 29-168 loggerhead and 29-168

leatherback turtles.  Participating captains, crews and observers will follow NOAA

guidelines and permit requirements for handing marine turtles hooked or entangled on

longline gear. Turtles hooked or entangled will be brought aboard using dip nets if size

permits and all gear removed following recommended procedures. For turtles than cannot

be brought aboard gear will be removed using line cutter and de-hooker prototypes being

developed as part of the turtle mitigation research project. Prototype line cutters and de-

hookers will be evaluated by crews and observers and information on performance

provided to NMFS. All live turtles brought aboard will be tagged with standard flipper

tags and released. Turtles that are stressed will be maintained onboard and given the

opportunity to revive before release. Some turtles may receive satellite tags to determine

life history information and fate.

The estimates of catch rates per hook of control and treatment group will be

computed from the sample data. Using these estimates, a one-tailed hypothesis test will

be conducted to test if the true catch rate for the treatment group is lower than that of the

control group. Since the sample proportions are estimated from a large number of hooks,

a test based on asymptotic normality to compare the two binomial proportions will be

used here at a pre-specified level of significance. A confidence interval on the difference

in the true proportions will also be computed. The Fisher’s exact test and the likelihood

ratio test will be performed as well and examined.

Use of Blue Dyed Squid

Research in Hawaii has shown that blue dyed squids reduce the bycatch of

seabirds and possibly increase the catch of swordfish. When field-testing blue bait on
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seabirds no turtles were caught while turtles were caught with normal bait during the

study (anon, 2000). Laboratory tests have shown that green turtles are reluctant to take

blue dyed squid compared to normal squid, but eventually habituate to dyed bait (Brill,

pers. comm.).  The NMFS Honolulu laboratory is conducting test on commercial longline

vessels using blue dyed squid and it may be prudent to duplicate these test in the Grand

Banks.

Temperature Limit

Evaluation of observer data from the Grand Banks fishery suggests that turtle

takes occur more often in waters with a sea surface temperature (SST) >65° F (Hoey,

NMFS Contract Report).  One treatment for testing should include making equal numbers

of sets in waters with SST below 65° F (< 65°, treatment) and in waters with SST at 65°

F or above  (65°+, control).  Longline fishers contend that the temperature effect is

complex and a simple cutoff in temperature would not necessarily be effective. They

propose that they use available information on site to determine setting temperature to

avoid turtle interactions.

The experimental design for SST effect could test setting longline gear in waters

below 65°F (treatment) and in waters of 65°F or higher (control). An alternate design for

this experiment could test moving to colder water (temperature determined by captain

using real time oceanographic features) when a turtle is encountered. The control would

be to set in the same location when a turtle is encountered and treatment would be to

move to colder water when a turtle is encountered.  Control and treatment sets will be
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alternated during a given trip. Gear configuration and fishing methods will be the same

between control and treatment sets. Participating vessels will carry an NMFS approved

observer on board to supervise operations and record results.  Observers will collect a

suite of data on forms generated by the SEFSC Pelagic Longline Observer Program

including the Longline Gear Configuration Log, the Longline Haul Log, and the

Individual Animal Log (Appendix I). An additional data log will be generated to collect

data specific for each experiment not collected on the above referenced data logs.

Depending on the effectiveness of moving to colder water a minimum of 4 trips and a

maximum of 20 trips will be required to collect sufficient data to determine reduction

rates for loggerhead turtle interactions. For leatherback turtles a minimum of 9 trips and a

maximum of 42 trips will be required. This experiment will require the cooperation of a

minimum of two vessels for one season and a maximum of 10 vessels for one season

depending on the effectiveness of the treatment. The expected number of turtles to be

impacted during this experiment based on the 1991-1999 observer data will be 29-168

loggerhead and 29-168 leatherback turtles.  Participating captains, crews and observers

will follow NOAA guidelines for handing marine turtles hooked or entangled on longline

gear. Turtles hooked or entangled will be brought aboard using dip nets if size permits

and all gear removed following recommended procedures. For turtles than cannot be

brought aboard gear will be removed using line cutter and de-hooker prototypes being

developed as part of the turtle mitigation research project. Prototype line cutters and de-

hookers will be evaluated by crews and observers and information on performance

provided to NMFS. All live turtles brought aboard will be tagged with standard flipper

tags and released. Turtles that are stressed will be maintained onboard and given the
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opportunity to revive before release. Some turtles may receive satellite tags to determine

life history information and fate.

The estimates of catch rates per hook of control and treatment group will be

computed from the sample data. Using these estimates, a one-tailed hypothesis test will

be conducted to test if the true catch rate for the treatment group is lower than that of the

control group. Since the sample proportions are estimated from a large number of hooks,

a test based on asymptotic normality to compare the two binomial proportions will be

used here at a pre-specified level of significance. A confidence interval on the difference

in the true proportions will also be computed. The Fisher’s exact test and the likelihood

ratio test will be performed as well and examined.

Setting Time

Loggerhead and Leatherback interactions with longline gear are highest on sets

deployed between 4:00 PM and 6:00 PM for the Grand Banks fishery (Hoey, 2000).

Analysis of observer data by Hoey, 1998 indicated that there might be a slightly higher

sea turtle interaction rate associated with early evening sets as opposed to late evening

sets.  Delaying start of gear setting until after 9 PM may reduce turtle encounters. More

data is required to substantiate the merit of this possible mitigation measure. It is

proposed that electronic microchip hook timers be attached to branch lines to record

times when turtle interactions occur and times when target species are hooked. This

technique has been successfully used in the Pacific to resolve the uncertainty in

estimating capture depths and times of fish on pelagic gear (Boggs, 1992). Selected

commercial vessels will be outfitted with hook timers to collect this data. This data
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collection experiment may be conducted in combination with other treatments and will

not result in additional turtle takes. Data collected from this experiment will be analyzed

to determine the times of day in which turtles interact with longline gear and the times of

day when target species are caught. This data will be used to determine if altering set and

retrieval time of longline gear can reduce turtle interactions.

Sea Turtle and Swordfish behavior

Gear researchers and fishers have proposed a suite of possible mitigation

techniques for which there is very little or no data to indicate possible effectiveness.

These techniques include type of bait (squid, fish), use of stealth gear, hook design, hook

guards, turtle deterrents and or attractors, stiffer monofilament, and modified light stick

(Table 1).  Some of these techniques will be evaluated in other fishery dependant

research (Azores) and through fishery independent research in the Pacific and Atlantic.

The successful development of conservation gear has historically been dependant on a

through knowledge of animal behavior in relation to fishing gear. Knowledge of turtle

and target species behavior in relation to longline gear can greatly expedite the

development of effective mitigation techniques. This project proposes to develop

specialized camera systems that will enable video recording of turtle behavior in an

around longline gear including floats, drop lines, mainline and gangions. The same

equipment will record target species behavior when encountering longline gear. The

camera systems will be used to record behavior and interaction with specific mitigation

measures listed above and will expedite decisions on which techniques to evaluate on

commercial vessels. The camera systems will be developed and tested on research vessels



19

and provided to commercial fishers to record and document turtle and swordfish behavior

interactions with fishing gear. Cameras will also be used on a chartered commercial

vessel that will direct efforts in areas of high turtle concentrations. These cameras will

also be used in other areas including the Azores and Pacific in cooperation with other

researchers.
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Table 1. 2001 longline sea turtle mitigation research matrix
MITIGATION

SST
limit

Move from
turtle
interactions

Setting
time

Line
Cutters
and de-
hookers

Hook
timers

Move hooks
from floats

Bait
studies

Fish
hooks
deeper

Stealth
gear

Hook
design

Turtle
swordfish
behavioral
interactions

Deterrents
Attractors

Hook
stoppers
&
guards

Stiff
mono

Mod.
light
sticks

FISHERY
DEPENDENT

Grand Banks X X X X X X X    X

Hawaii X X X X

Mexico X X X X X

Azores X X X X

FISHERY
INDEPENDENT

Captive
Turtles

X X X X X X X

Research
Vessels

X X X X X X X

Contract
Vessels

X X X X X X X X X



23

Table 2. Estimated potential for mitigation measures proposed.

MITIGATION
TECHNIQUE

CURRENT DATA
AVAILABLE

ESTIMATED POTENTIAL EFFECTIVENESS

Use of line cutters and de-
hooking devices

High potential, need data to quantify reduction in mortality

Upper limit on sea surface
Temp (SST)

Hoey, NMFS contract
report

Significant reduction for loggerheads and leatherbacks depending on upper
limit. *

Moving away from turtle
interaction area

Hoey, NMFS contract
report

Unknown but could be significant for loggerheads *

Delay setting until after 9
p.m.

Hoey, NMFS contract
report

Possible reduction for loggerheads and leatherbacks*

Set 4 or more hooks
between floats

Hoey, NMFS contract
report

Unknown, review summaries and update

Use of hook timers Data from hook timers can determine time of turtle hooking and target catch
and provide data for more efficient mitigation measures

Move hooks away from
floats

Kleiber and Boggs,
2000

Could be significant reduction *

Type of bait Unknown
Fish hooks deeper Unknown
Use of stealth gear Unknown
Hook design (use circle
hooks)

Bolton, LaGrange Significant reduction in hooks ingested by turtles, 48% reduction in swordfish
CPUE.

Turtle/swordfish
behavioral information

Provide information necessary to design new mitigation measures

Deterrents/Attractors High potential need basic research to provide direction
Hook guards High potential need R&D effort
Stiffer monofilament High potential for leatherback mitigation need R&D
Modify light sticks Needs controlled experiments to determine potential
* Based on observer data
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Table 3.  Estimated sample sizes (number of hooks) required for longline experiments in the Grand Banks fishery assuming mitigation technique
reduces turtle takes by 25%.

              Based on 1991-1999 Observer Data                                                       Based on 1999 Observer Data Only
Precision Alpha 0.10

Beta 0.15
Alpha 0.10
Beta 0.20

Alpha 0.10
Beta 0.25

Alpha 0.10
Beta 0.30

Alpha 0.10
Beta 0.15

Alpha 0.10
Beta 0.20

Alpha 0.10
Beta 0.25

Alpha 0.10
Beta 0.30

All Turtles 120,661 101,231 85,921 73,241 62,233 52,212 44,315 37,776

Loggerhead Turtles 182,017 152,708 129,612 110,485 106,779 89,585 76,036 64,815

Leatherback Turtles 387,625 325,208 276,024 235,290 149,543 125,463 106,488 90,773

Table 4.  Estimated sample sizes (number of hooks) required for longline experiments in the Grand Banks fishery assuming mitigation technique
reduces turtle takes by 50%.

            Based on 1991-1999 Observer Data                                                       Based on 1999 Observer Data Only
Precision Alpha 0.10

Beta 0.15
Alpha 0.10
Beta 0.20

Alpha 0.10
Beta 0.25

Alpha 0.10
Beta 0.30

Alpha 0.10
Beta 0.15

Alpha 0.10
Beta 0.20

Alpha 0.10
Beta 0.25

Alpha 0.10
Beta 0.30

All Turtles 25,224 21,162 17,961 15,311 13,025 10,928 9,275 7,906

Loggerhead Turtles 38,109 31,972 27,137 23,132 22,345 18,747 15,912 13,564

Leatherback Turtles 81,107 68,047 57,755 49,232 31,293 26,254 22,283 18,995
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Attachment 3

Experimental Turtle Bycatch Reduction Trip Plan and Report (002)

Vessel Name:______________________         Date Trip Began____________________

1st Set: = BYCATCH REDUCTION SET Date set started:__________
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

2nd Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

3rd Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

4th Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

5th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

6th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

7th Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
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Branch lines more than 40 fathoms from float lines (check)_____ 
 Squid bait dyed blue (check)_____

Experimental Turtle Bycatch Reduction Trip Plan and Report (continued) (002)

8th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

9th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

10th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

11th Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

12th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

13th Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____
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14th Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

Experimental Turtle Bycatch Reduction Trip Plan and Report (continued) (002)

15th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

16th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

17th Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

18th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

19th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

20th Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____



Attachment 3

Branch lines more than 40 fathoms from float lines (check)_____ 
 Squid bait dyed blue (check)_____

21st Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

Experimental Turtle Bycatch Reduction Trip Plan and Report (continued) (002)

22nd Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

23rd Set = BYCATCH REDUCTION SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)____________

       If yes, then set at least 30 miles away (check)____
Branch lines more than 40 fathoms from float lines (check)_____ 

 Squid bait dyed blue (check)_____

24th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______

25th Set = NORMAL SET Date set started:__________
Was a turtle caught on the previous set (yes or  no)___________

       If yes, then set in the same place again (check)_____
Branch lines put on close to float lines as usual (check)_______   

        Squid bait not dyed blue (check) _______
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